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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain high picture 
quality even from a magnified picture by providing an 
aperture stop and selecting a diameter of encircled 
energy, number of pixels of an imaging device and a pixel 
pitch to be a specific range respectively. 
SOLUTION: A diameter &phiv; (mm) of a 90% encircled 
energy with a pint image intensity distribution by an 
optical system 10, number of pixels N (1,000,000 pixels) 
of an imaging device 20 and a pixel pitch P (mm) are 
selected to have relations of 1 .5<&phiv;/P X V~(2.5/N) 
<8.0, 0.001 5<P<0.0055 and 2.4<N<20. The optical system 
10 is provided with an aperture stop 70 consisting of a 
plurality of blade apertures, and an exposure control 
circuit 80 adjusts an F-number up to, e.g. F16 on the 
basis of an F-number at opening according to a 
combination between the aperture and the exposure 
time designated by the preference of a user. Thus, even 
in the case of using the imaging device 20 of a size of 
1/3 inch and magnifying the photographed picture to the 

eight by ten size or the like, high picture quality equivalent to that of a silver salt photograph 
can be obtained. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention can photo the high- 
definition picture which is equal to a silver salt photograph about image pck-up equipment, can 
control depth of field, and relates to image pck-up equipment [ low cost small ]. 
[0002] 

[Description of the Prior Art] There is a business-use digital camera supposing the uses for 
[ which can acquire the picture which is equal to photograph quality of image ] printing. Although 
these have the number of pixels exceeding 2 million pixels, the pixel pitch of an image pck-up 
element is as large as the above before and after about 7.5-10 micrometerm, and image pck-up 
element size serves as a big image pck-up element exceeding 1 inch. Therefore, the number of 
the elements obtained from one wafer has a limit, and there is a problem that cost cannot be 
lowered to some extent above. 

[0003] In order to lower the manufacturing cost of an image pck-up element, it is most effective 
to miniaturize element size and to obtain many elements from one wafer. However, in order to 
miniaturize element size, it is necessary to lower the number of pixels or to make a pixel pitch 
small. 

[0004] The equipment currently commercialized as comparatively cheap image pck-up equipment 
has many which use the about 1 million-2 million-pixel image pck-up element of 1 / 3 - 2/3 inch 
size. Although stated in detail later, if six are cut (228mmx186mm) and it expands above, with 
this number of pixels, the picture which is equal to photograph quality of image will not be 
acquired. 

[0005] The lens system which has optical-character ability sufficient to the Nyquist rate decided 
from the pixel pitch of an image pck-up element with conventional equipment is used. Therefore, 
it has the intention of realizing highly efficiently the degree of maximal-solution image which the 
number of pixels of an image pck-up element holds as a picture. 

[0006] Furthermore, when an optical low pass filter needs to be equipped for suppression of a 
moire picture or a false color, also in consideration of the performance degradation by the low 
pass filter, the optical-character ability which added a part for the degradation was secured as a 
lens, and the composition which degrades an image formation performance by the optical low 
pass filter on it is taken. 

[0007] In extension of this conventional view, if a pixel pitch becomes small, the part Nyquist 
rate will become a RF and the optical-character ability for which a lens system is asked will 
become very high. If it is especially going to raise the performance in the spatial-frequency mid- 
range which deteriorates in an optical low pass filter, you have to take out the performance 
almost near an ideal lens (JP,10-1 48754,A). 

[0008] It is asked to acquire the picture by which exposure control was carried out proper by 
preparing an aperture diaphragm in a lens and on the other hand, controlling the quantity of light 
which reaches an image pck-up element possible [ photography suitable under various 
conditions ], by flexible image pck-up equipment. If exposure control is not carried out proper, it 
will not become a picture with many noises, or only the picture inferior to the detail of the 
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shadow section will, be acquired. 

[0009] Moreover, if the diameter of the flux of light which passes by the aperture diaphragm 
becomes small, a diffraction operation will be received strongly and the phenomenon in which the 
**** intensity distribution by the lens system spread will arise. It is the so-called diffraction 
dotage. In order to prevent this diffraction dotage, the method of inserting an ND filter or 
obtaining proper exposure by controlling the exposure time by the electronic shutter is devised 
(JP,6-1 53066 A JP.1 1 -8803,A). 

[0010] However, as an effect of extracting drawing, it has not only adjustment of the quantity of 
light but the function to adjust depth of field, and the effect over depth of field is no longer 
acquired by the way an ND filter etc. adjusts the quantity of light. 

[001 1] This diffraction dotage has the large influence are influenced, so that a pixel pitch is small 
even if it is the same amount of dotage since it is the phenomenon produced in the optical- 
system independent which is completely unrelated to the pixel pitch of an image pck-up element, 
and quality of image deteriorates. 

[0012] It becomes desirable not to extract above to, some extent, in order to be strongly 
influenced of quality-of-image degradation by diffraction dotage, so that it is the technical 
problem that according to diffraction dotage at view of the former which means to realize highly 
efficiently degree of maximal-solution image which image pck-up element holds as above- 
mentioned as picture picture degradation is big and becomes an especially small pixel pitch, or 
not to make a pixel pitch small above to some extent. 

[0013] Moreover, the technique of acquiring the picture which has a sharp feeling in appearance 
also by the picture of the drawing value out of which diffraction dotage has come is offered by 
processing the so-called profile emphasis (JP,5~347730,A). Now, most uses this profile emphasis 
processing, and the image pck-up equipment currently commercialized by the consumer use is 
also visible to a sharp picture at a glance. Although it is possible to perform profile emphasis 
processing electric almost without any restriction, when impossible emphasis processing was 
applied and it expands greatly, a picture deteriorates extremely. Therefore, as for the level of 
profile emphasis, it is desirable for high-definition~izing of a picture to make it low as much as 
possible, and it has not given it to the quality of image of a silver salt photograph at all from this 
point with the image pck-up equipment of the conventional consumer use. 

[0014] thus, when it considers as the big picture beyond a 6 end grade in existing goods and the 
existing conventional example Since the picture which is equal to ai silver salt photograph cannot 
be acquired and-izing of the pixel pitch cannot be carried out [ **** ] to some extent above in 
extension of the conventional view, to the miniaturization of equipment [ whether it becomes an 
obstacle and ] Or the result that control of depth of field etc. cannot be performed cannot be 
brought without the ability enlarging an opening value, and the image pck-up equipment [ low 
cost small ] which acquires a high-definition picture equivalent to a silver salt photograph cannot 
be attained. 
[0015] 

[Problem(s) to be Solved by the Invention] It is the thing which could photo the high-definition 
picture which is equal to a silver salt photograph even if this invention was made in view of such 
a trouble of the conventional technology and it expanded the purpose beyond the 6 end grade, 
and exceeded the opening value F4 and for which it extracts and the image pck-up equipment 
[ low cost small ] which can control depth of field is offered with a value. 
[0016] 

[Means for Solving the Problem] By carrying out image formation of the image of the body by 
optical system on an electronic image pck-up element, the image pck-up equipment of this 
invention which attains the above-mentioned purpose is image pck-up equipment which obtains 
objective image information, and is characterized by having the structure which can acquire the 
opening value beyond F4, and satisfying the following conditions by reduction-izing the diameter 
of the flux of light to the aforementioned optical system. 
(1) 1.5< phi/P xroot(2.5-/N) <8.0 (2) 0.001 5< P<0.0055 [mm] 
(3) 2.4< N<20 [1 million] 

However, the number of pixels of an image pck-up element (a unit is 1 million) and P of the size 
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(a unit is mm) of the diameter of 90% encircled energy of the **** intensity distribution by 
optical system except the low-pass operation by the optical low pass filter in the drawing 
opening value [ in / a sketch side center / in phi ] F5.6 and a wavelength e-line and N are the 
pixel pitches (a unit is mm) of an image pck-up element. 

[0017] In this case, it is desirable that it is satisfied [ with all the focal positions to be used ] of 
the following conditions. 

(6) |H/L|<0.20 however the diagonal line length of the image pck-up side in connection with 
picture generation of an image pck-up element in H, and L are the distance to the exit-pupil 
position of the optical system measured from the image pck-up side, and when optical system is 
a zoom lens, L is an exit-pupil position near an image pck-up side side between a wide angle 
edge and a tele edge. 

[0018] Moreover, it is more desirable to satisfy the following conditions. 
[0019] 

(4) 2.0< phi/P xroot(2.5-/N) <6.5 — it is desirable to satisfy the following conditions again 
[0020] (9) 3< H<17 [mm] 

However, H is the diagonal line length of the image pck-up side in connection with picture 
generation of an image pck-up element. 

[0021] In this case, it is more desirable to satisfy the following conditions. 
[0022] (10) 4.2< H<12 [mm] 

Moreover, it is more desirable not to use an optical low pass filter. 

[0023] In addition, as for image pck-up equipment [ more than ], it is desirable to constitute as 

color image pck-up equipment. 

[0024] 

[Embodiments of the Invention] Hereafter, the reason for having taken the above-mentioned 
composition in this invention and its operation are explained. 

[0025] Since this value is a value which obtains marginal resolution when the standard angular 
resolution of human being's eye is considered to be V (for it to correspond to eyesight 1.0), it is 
thought that the resolution which can be recognized as a picture with sharp line and space which 
are included in a picture is in the place (large angle) which fell rather than it. 

[0026] For example, if the solid angle is considered to be a 1.67' (for it to correspond to eyesight 
0.6) grade, when observing a picture from the position left 40cm, for example, the size of 
0.194mm can be recognized to be a sharp image, therefore, the number of pixels required for the 
print of A4 in order considering observing the print of A4 (210mmx297mm) size from the position 
distant 40cm to recognize a print picture as a sharp picture — about 1 100x — it becomes 1500= 
1,650,000 pixels This numeric value is the print of A4 full size, and considering taking a margin 
about 10mm around, the number of pixels becomes about 1,400,000 pixels. In the number of 
pixels not more than this, change of a shade recognizes it as low quality of image by it looking 
stair-like etc. in if an edge image is not a straight line since the dot of a print can be recognized 
clearly for example. 

[0027] Although the amount of data can also raise the number of pixels of a picture by 
performing and printing interpolation processing at the time of an output at least, in the case of 
interpolation processing, quality-of-image degradation is not avoided, but phenomena, like an 
edge becomes blunt are caused, and there is a difference in respect of quality of image with the 
big picture which carried out the direct output of the above-mentioned number of pixels. 
[0028] Generally, the size and observation distance of a picture of a print etc. have correlation, a 
small picture is a near distance, and, as for a big picture, observing in the distance which 
separated is natural. If the size of a picture and the relation of observation distance are line 
types, the sharpness which people recognize will not be the size of a pixel and will be decided by 
the above-mentioned solid angle. Therefore, in the above, although the required number of pixels 
was calculated by the picture of A4 size, even if it asks in the size of a different picture, the 
same result is obtained. 

[0029] However, compared with the distance which observes the picture of A4, the number of 
pixels which there are many long distance bird clappers, therefore needs them in the picture size 
of A6 grade will be less than the above-mentioned 1,650,000 pixels from the relation of the 
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above-mentioned [ an actual observation distance ] with extremely small pictures, such as A6 
size (105mmx149mm). 

[0030] Now, since the pixel unit from which the picture created using the image pck-up element 
naturally constitutes a picture is fixed, the body which has the high spatial frequency beyond the 
unit cannot be expressed. When the test chart which has the pattern portion of various spatial 
frequency is photoed, as for the pattern which has the high spatial frequency beyond the pixel 
unit from which all the patterns with the line breadth equal to a pixel pitch are disassembled and 
observed in a portion with the narrowest line breadth, line breadth is less than a pixel pitch to 
**, and the narrowest line breadth is set to one half of pixel pitches, the shade of low frequency 
and the so-called moire are only observed. 

[0031] By the picture of the number of pixels for which it asked by the above-mentioned 
calculation, human being can recognize the minimum pixel unit of a print clearly by high contrast. 
Therefore, if the result of observation of an above-mentioned test chart is extended to a general 
picture, it will be visible to a sharp to a certain spatial frequency, and cannot be recognized as 
the ability of gradation to express it enough, even if the contrast of a picture is high, since it 
becomes the picture which the spatial frequency below the minimum pixel unit does not 
decompose rapidly, but will become a picture with the so-called feeling of a dry area. 
[0032] On the other hand, the silver salt photograph is constituted from a particle of the size 
below the resolution limit which human being senses by the particle of various sizes to the 
particle of the size which human being can recognize sharply, the gradation of not only the 
contrast of a picture but a picture can be expressed, and to have had big influence on the high- 
definition feeling of a picture is considered by that. Therefore, by the picture of the above- 
mentioned number of pixels, it is hard to say that photograph quality of image is attained. 
[0033] In order to consider as the picture of rich gradation, you have to express to the spatial 
frequency near the resolution limit which human being senses. We found that the pixel unit 
corresponding to aforementioned solid angle 1.67' of the minimum pixel unit which constitutes a 
picture was inadequate, and the pixel unit corresponding to solid angle 1.25' (eyesight 0.8) was 
required at least, as a result of examining the size of a pixel unit required in order to regard it as 
quality of image equivalent to a silver salt photograph paying attention to this point. Of course, if 
it is to the pixel unit corresponding to the resolution of 1' which is the resolution limit, or the 
pixel unit which can be decomposed with the resolution which is less than 1' in order to raise a 
feeling of grace further, in addition, it is good. 

[0034] The size of the pixel unit corresponding to "a resolvable pixel unit" and the resolution 
limit for the size of the pixel unit corresponding to the solid angle which needs hereafter the size 
of the pixel unit corresponding to the solid angle which can be recognized to be a sharp picture 
in order to give a "right image marginal pixel unit" and a feeling of gradation will be called 
"resolution limit pixel unit." this time — a right image — it is a marginal pixel unit > resolvable 
pixel unit > resolution limit pixel unit 

[0035] When this expression is used, when making the resolution limit into 1\ below the pixel unit 
corresponding to solid angle 1 .25' in a resolvable pixel unit is needed the above-mentioned 
result. In this case, if it asks for the required number of pixels like the above-mentioned method 
and about 3 million pixels and a margin will be considered to a form full size (A4), it will become 
about 2,500,000 pixels. 

[0036] In this case, an important thing is not being necessarily contrast high to the spatial 
frequency corresponding to a resolvable pixel unit. Although it is necessary to realize contrast 
with the high spatial frequency corresponding to a right image marginal pixel unit, since the 
human being itself cannot recognize the frequency beyond it by high contrast, it does not 
become hindrance that the contrast of a picture falls at all expressing the gradation of a picture. 
[0037] The need [ a high contrast performance ] in the spatial frequency corresponding to the 
pixel pitch of an image pck-up element in the image formation performance of optical system, 
and the so-called Nyquist rate necessarily when it follows, for example, correspondence of 1 to 
1 has each pixel of a resolvable pixel unit and an image pck-up element. 

[0038] Moreover, when the pixel pitch of an image pck-up element is smaller than a resolvable 
pixel unit (i.e., when the image pck-up element has the number of pixels more than the number 
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of pixels required for a picture), considering not the pixel pitch of an image pck-up element but 
the pixel pitch corresponding to a resolvable pixel unit, it is enough. 

[0039] Now, a view is changed to a pixel pitch from a viewpoint of the number of pixels, this 
invention is not only increasing the number of pixels, and makes reference about how the number 
of pixels is increased. Moreover, the image formation performance for which optical system is 
then asked is considered. 

[0040] In this invention, in case the number of pixels is increased, it has proposed increasing the 
number of pixels by reduction-izing the pixel pitch of an image pck-up element. The influence 
affect optical-character ability by that is shown. 

[0041] Since the picture of the contrast given by the transfer function of optical system is not 
necessarily acquired in the case of an electronic image pck-up system, the photoelectrical 
transducer of an image pck-up element and opening of the so-called image pck-up element have 
a limited area and the quantity of light is equalized there, degradation of a transfer function 
according to the size of opening takes place. 

[0042] Since it is easy, if opening is approximated to a rectangle, as the Fourier transform shows 
degradation of a transfer function to drawing 8 , it can express as a sine function. However, the 
surface ratio of the size of opening to a pitch interval and the so-called aperture efficiency may 
be 70%. 

[0043] For example, when taking a photograph with the optical system which has the MTF 
property shown in drawing 9 using the pitch interval of 7.5 micrometers, the element size of 2/3 
inch, and about 1 million-pixel image pck-up element, the synthetic MTF property in 
consideration of degradation by opening becomes like drawing 10 (what applied the value of a 
curve with a pitch interval [ of drawing 8 ] of 7.5 micrometers, and the value of the curve of 
drawing 9 ). 

[0044] Then, it supposes that about 2,300,000 pixels was attained in the same element size by 
reduction-izing a pixel pitch to 5 micrometers in consideration of the above-mentioned property, 
and if the optical system which has the MTF property shown in the same drawing 9 as the above 
is used, the synthetic MTF property in consideration of degradation by opening will become like 
drawing 1 1 (what applied the value of a curve with a pitch interval [ of drawing 8 ] of 5 
micrometers, and the value of the curve of drawing 9 ). 

[0045] Clearly from drawing 10 and drawing 1 1 , by reduction-izing a pixel pitch, degradation of 
the transfer function in image pck-up element opening is suppressed, and synthetic optical- 
character ability becomes high rather. Therefore, the performance of guarantee ****** turns 
into that it is possible to drop a deteriorated part rather than the level predicted by the 
conventional technique of covering by improving the performance beforehand on the assumption 
that degradation of the transfer function in image pck-up element opening with an optical- 
system simple substance by setting up the suitable number of pixels by the argument of the 
number of pixels, and attaining the number of pixels by reduction-ization of a pixel pitch. 
[0046] The performance for which the optical system of image pck-up equipment is asked found 
out that it was permissible to the size whose diameter of 90% encircled energy of **** intensity 
distribution is about 8 times to the pixel pitch corresponding to the aforementioned resolvable 
pixel unit as a result of examination. If this is exceeded, the fall of contrast will be remarkable, 
resolving by the spatial frequency to the aforementioned right image marginal pixel unit will also 
no longer be obtained, and the high-definition picture which is the purpose of this invention will 
no longer be acquired. Of course, optical-character ability does not forbid a high thing. 
[0047] On the other hand, when the size of image pck-up equipment and the cost of an image 
pck-up element are taken into consideration, as for a pixel pitch, it is desirable that it is about 5 
micrometers or less. If it becomes the pixel pitch of the size beyond this, the element size when 
securing the aforementioned number of pixels will become large, and it will become difficult to 
attain the cost cut of an image pck-up element and the miniaturization of equipment. 
[0048] If the above is expressed by conditional expression (1) 1.5< phi/P xroot(2.5-/N) <8.0 (2) 
0.001 5< P<0.0055 [mm] 
(3) 2.4< N<20 [1 million] 

However, the drawing opening value [ in / a sketch side center / in phi ] F5.6 and a wavelength 
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e-line, Removed the low-pass operation by the optical low pass filter. **** intensity distribution 
by optical system () [ point spread ] function by The size of the diameter (diameter of circle of 
**** in the image surface in which 90% of quantity of light of the quantity of light which reaches 
the image surface to the amount of incident lights is contained) of 90% encircled energy of 
amplitude (a unit is mm), N is the number of pixels of an image pck-up element (a unit is 1 million 
pixels), and P is the pixel pitch of an image pck-up element (a unit is mm). 

[0049] The above-mentioned formula (1) is a formula which should be satisfied when the number 
of pixels computed from the aforementioned resolvable pixel unit is made into the 
aforementioned 2,500,000 pixels. If 1.5 of the minimum of a formula (1) is exceeded, since the 
optical-character ability of optical system will become high, although a picture becomes high 
definition, unless it increases the lens number of sheets to constitute, a desired performance is 
no longer obtained, or the size of a lens system is enlarged, and the cure of suppressing the 
amount of aberration generated with each lens is needed, and it is disadvantageous in respect of 
low-cost-izing of a lens system, and a miniaturization anyway. Or it becomes difficult to have to 
stop having to establish small manufacture tolerance and to lower the cost of a lens system. If 8 
of the upper limit of a formula (1) is exceeded, as mentioned above, the fall of contrast will be 
remarkable, resolving by the spatial frequency to a right image marginal pixel unit will also no 
longer be obtained, and a high-definition picture will no longer be acquired. 

[0050] When a pixel pitch becomes small exceeding 0.0015mm of the minimum of a formula (2), it 
becomes impossible to manufacture the optical lens which satisfies conditions (1 ). if 0.0055mm 
of the upper limit of a formula (2) is exceeded — image pck-up equipment — it cannot 
miniaturize — moreover, an image pck-up element — high — it will become cost 
[0051] If it prepares in consideration of the size of the image data obtained and becomes large 
exceeding 20 million of an upper limit, since storage capacity required for the medium holding the 
image information of one sheet will become very large, in order to make the medium of small 
storage capacity memorize, it will be necessary to enlarge compressibility, and degradation of 
quality of image is not avoided, but the upper limit of a formula (3) is contrary to the purpose of 
this invention. Moreover, in carrying out the viscus of the write-in equipment to a mass storage 
to image pck-up equipment, the whole equipment is enlarged extremely and is contrary to the 
purpose of this invention too. Moreover, if image information becomes large too much, the fall of 
the transfer rate of image data or the drawing speed to a medium becomes [ become remarkable 
and ] an obstacle remarkable in the mobility as image pck-up equipment and is not desirable. If 
2,400,000 of the minimum of a formula (3) is exceeded, it will be less than the number of pixels 
which fulfills a resolvable pixel unit, and it will become difficult to give a picture with rich and 
highly defined gradation. 

[0052] In order to acquire a sufficiently high-definition picture with low cost optical system in 
consideration of the balance of the cost of a high-definition picture, and the performance and 
equipment for which optical system is asked, when the following conditions are satisfied, in 
addition, it is desirable. 

(4) When the following conditions are satisfied about a 2.0< phi/P xroot(2.5-/N) < 6.5-pixel pitch, 
in addition, it is desirable. 

[0053] 

(5) 0.002< P<0.0052 [mm] 

When using the small image pck-up element of a pixel pitch by this invention, making the exit- 
pupil position of optical system far moderately is called for. When a pixel pitch becomes small, 
the area of a photo-electric-translation field becomes small, and since the quantity of light 
which carries out incidence there decreases, there is a problem to which the sensitivity as image 
pck-up equipment falls. Then, a micro lens is prepared in the upper part of an image pck-up side, 
and the method of condensing the light of a latus field efficiently to a photo-electric-translation 
side rather than a photo-electric-translation side is taken. Therefore, if light carries out 
incidence aslant extremely to an image pck-up side, the phenomenon whose quantity of light 
which carries out incidence decreases to a photo-electric-translation side will be caused, and 
the problem to which a picture becomes dark will arise. 

[0054] Then, as for the optical system used for the image pck-up equipment of this invention, it 
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is desirable that it is satisfied [ with all the focal positions to be used ] of the following 
conditions. 

(6) |H/L|<0.20 however the diagonal line length of the image pck-up side in connection with 
picture generation of an image pck-up element in H, and L are the distance to the exit-pupil 
position of the lens system measured from the image pck-up side. When a lens system is a zoom 
lens, L is an exit-pupil position near an image pck-up side side between a wide angle edge and a 
tele edge. 

[0055] When using the high image pck-up equipment of especially versatility, or when using the 
small image pck-up equipment of especially a pixel pitch, the angle of the light which carries out 
incidence to an image pck-up side is still smaller, and a bird clapper is desirable. Therefore, (7) It 
is still more desirable if |H/L|<0.1 7 are filled. 

[0056] If the following conditions are satisfied, in addition, it is desirable. 

[0057] (8) It is desirable to satisfy the following conditions about |H/L|<0.15 one side and 

element size. 

(9) 3< H<17 [mm] 

If an image pck-up element is made small exceeding 3mm of the minimum of a formula (9), the 
pixel pitch for obtaining the required number of pixels will become small too much, and conditions 
(2) will not be satisfied. Moreover, if it becomes large exceeding 1 7mm of a upper limit, it will 
become difficult for image pck-up equipment to enlarge or lower the cost of an image pck-up 
element, and it will be contrary to the purpose of this invention. 

[0058] Furthermore, when the following conditions are satisfied, in addition, it is desirable. 

(10) 4.2< H<12 [mm] 

The bound of this formula (10) corresponds to the bound of conditions (5). 
[0059] Moreover, by considering as 3 to 1 or less correspondence relation by the length ratio, 
the size of the pitch on the image pck-up element corresponding to a resolvable pixel unit and 
the pitch of each pixel of an actual image pck-up element is the necessary minimum number of 
pixels, and can acquire the high-definition picture which is equal to the photograph quality of 
image made into the purpose of this invention. If a ratio is enlarged more than this, although the 
number of pixels which an image pck-up element holds compared with the required number of 
pixels will increase too much and it will become advantageous to improvement in quality of 
image, there is much futility in respect of the number of data. 

[0060] Since the resolution of an eye has individual differences, in order for more users to 
recognize it as a high-definition picture, as for a right image marginal pixel unit and a resolvable 
pixel unit, it is desirable to make it still smaller. 

[0061] If a resolvable pixel unit is set as the size corresponding to a solid angle 1.1 V (it 
corresponds to eyesight 0.9) grade, even if the print of the size exceeding the 6 ends compares 
with the picture by which the photography print was carried out with the silver salt film 
(24mmx36mm) of 35mm low sensitivity, or the picture photoed with the brownie size 
(60mmx90mm), the picture which can be appreciated enough will be acquired. The required 
number of pixels at this time becomes about 3,100,000 pixels, when taking about 3,700,000 pixels 
and a margin to a form full size. 
[0062] Namely, (11) 3< N<20 [1 million] 
It comes out, and if it is, in addition, it is desirable. 

[0063] If a resolvable pixel unit is set as the size corresponding to a solid angle 1' (it 
corresponds to eyesight 1.0) grade, even if the print of the size exceeding the 6 ends compares 
with the picture by which the photography print was carried out with the silver salt film of 
brownie size low sensitivity, or the picture photoed with the film of 4x5 inch size, the picture 
which can be appreciated enough will be acquired. The required number of pixels at this time 
becomes about 3,900,000 pixels, when taking about 4,600,000 pixels and a margin to a form full 
size. 

[0064] Therefore, (12) 3.8< N<20 [1 million] 

It comes out, and if it is, in addition, it is desirable. 

[0065] Of course, when there is a pixel unit of the fineness beyond resolution, even if it does not 
already recognize each pixel, since gradation is sensed rich, it is more desirable in a high- 
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definition picture. 

[0066] By satisfying the conditions of the above this invention, MTF in a Nyquist rate becomes 
low and the effect which suppresses the concentration of moire is acquired. Therefore, an 
optical low pass filter becomes unnecessary and it becomes possible to omit the factor which 
degrades the optical-character ability in middle spatial frequency. 

[0067] It is desirable by arranging a color filter in the shape of a mosaic on the photoelectrical 
transducer of an image pck-up element for the diameter of 90% encircled energy of the **** 
intensity distribution in a screen center except the low-pass operation by the optical low pass 
filter in the white corresponding to spectral transmittance of each color filter in amendment case 
opening [ false color / especially accompanying pixeHzing ] value F5.6 to be more than the 
double precision of the pitch interval of the same color filters in the case of the so-called 
veneer formula image pck-up equipment which incorporates a color picture. If it does in this way, 
the optical low pass filter in the purpose of false color suppression will necessarily be less 
necessary, and will become still more advantageous to low-cost-izing. 
[0068] Since the image information which is obtained from each pixel of an image pck-up 
element in the case of the image pck-up equipment of a veneer color method is only a thing 
about a specific color, it usually performs processing which makes the information on RGB in the 
position of each pixel, or CMY using the information from a surrounding pixel. Therefore, the 
number of pixels of an image pck-up element is the same as the above-mentioned required 
number of pixels at least, or it is desirable that it is more than it. In order to acquire a more 
nearly high-definition picture, if there is the 1.5 or more-time above-mentioned required number 
of pixels, even if the number of pixels of an image pck-up element takes into consideration 
degradation of the quality of image by processing of pixeHzing, it can acquire a high-definition 
picture and, in addition, is desirable. 

[0069] Moreover, since it becomes possible to acquire a certain amount of high-definition picture 
even if it does not perform profile emphasis processing by taking the composition of this 
invention, profile emphasis processing becomes unnecessary and it is effective for the 
simplification of a processing circuit. Or since picture degradation by profile emphasis processing 
can be suppressed by making profile emphasis processing level low, when it considers as the 
picture to big size, it becomes possible to acquire a high-definition picture. 
[0070] In order to acquire the high-definition picture which is equal to photograph quality of 
image with the image pck-up equipment by the composition of this invention, it is desirable by 
reduction-izing the diameter of the flux of light to consider as the mechanism in which an 
opening value is changed, and the lens system containing the so-called beam limiting device. In 
order to make change of the depth of field by drawing reflect in a picture then, as for drawing, it 
is desirable that it can extract exceeding F4. 

[0071] Furthermore, when ft can control from the mechanism which can be extracted exceeding 
F5.6, then shallow depth of field to deep depth of field and a lens system especially with a long 
focal distance is used, it becomes possible to photo the deep picture of depth of field. If it 
considers as the mechanism which can be extracted exceeding F8, in addition, it is desirable. 
[0072] 

[Example] Hereafter, the example of the image pck-up equipment of the above-mentioned this 
invention is explained. The optical system 10 with which the composition of the whole image 
pck-up equipment based on this invention carries out image formation of a photographic 
subject's image as shown in drawing 1 , The image pck-up element 20 which consists of CCD 
arranged in the image formation position, and the digital disposal circuit 30 which processes the 
picture signal acquired with the image pck-up element 20, It consists of the storage 40 which is 
connected to the digital disposal circuit 30, and memorizes the picturized image data, display 50 
which is connected to a digital disposal circuit 30 and displays the picturized picture, and output 
units 60, such as a printer which outputs the picturized picture. 

[0073] Moreover, optical system 10 has the aperture diaphragm 70 which constituted the size of 
opening in adjustable focusing on the optical axis of optical system 10 by carrying out movable 
[ of two or more feather drawing which is not illustrated ]. The quantity of light which the image 
pck-up element 20 should read is controlled by the exposure control circuit 80 which controls 
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both the exposure times by the size and the image pck~up element 20 of opening of this 
aperture diaphragm 70 proper. 

[0074] The exposure control by the size of this opening and the combination of the exposure 
time is constituted so that the strength of the light is measured in a photographic subject's 
condition, and it is set automatically by the exposure control circuit 80, or a user can set up an 
opening value or the exposure time arbitrarily, the exposure time or an opening value may be 
automatically controlled according to it or an opening value and the exposure time can also be 
set up by liking of a user. 

[0075] Below, the lens system mainly used for optical system 10 and the examples 1 and 2 about 
the image pck-up element 20 used in that case are explained. 

[0076] an example 1 — the example for which this example uses a single focal lens as optical 
system 10 — it is — as the image pck-up element 20 — 1/3 inch (4.8mmx3.6mm) it is — the 
diagonal line length H of an image pck-up side is 6.0mm and number of pixels 1830x1370= 
2,507,000 pixel, and that whose pixel size P is 2.63 micrometers is used 

[0077] The lens system which constitutes optical system 10 is a single focal lens system of the 
retrospective focus type which consists of the positive meniscus lens which turned the convex 
to the body side, the negative meniscus lens which turned the convex to the body side, drawing, 
a biconcave lens and the cemented lens of a biconvex lens, and a biconvex lens sequentially 
from a body side, as a cross section is shown in drawing 2 , and the plane-parallel plate which 
constitutes the cover glass of the image pck-up element 20 and filters between a lens system 
and the image surface I is arranged. Although the postscript of the numeric data of this lens 
system is carried out, the aspheric surface is most used for the field by the side of the image 
surface. The aberration view of this example is shown in drawing 3 . Astigmatism and DT show 
distortion aberration and, as for the inside of drawing, and SA, CC shows the chromatic 
aberration of magnification, as for spherical aberration and AS (also in the following aberration 
views, it is the same). However, "omega" expresses the half-field angle among drawing. 
[0078] The value about the formula (1) of an example 1 is phi/P xroot(2.5-/N) =4.58. Moreover, 
it is value N= 250.7000 about the value of P= 0.00263mm about a formula (2), and a formula (3). 
Moreover, are value |lH/L|=0.109 about a formula (6) and all have satisfied those conditional 
expression. The thing which the high-definition picture which is equal to a silver salt photograph 
was acquired even if it expanded the acquired picture beyond the 6 end grade, and exceeded the 
opening value F4 and for which it extracts and depth of field are controlled with a value is 
possible, and image pck-up equipment [ low cost small ] can be obtained, in addition, this 
example — from the f number at the time of drawing opening up to the F16 neighborhood — a 
multi-stage story — or the size of opening is constituted possible [ adjustment ] continuously 
[0079] an example 2 — the example for which this example uses a zoom lens as optical system 
10 — it is — as the image pck-up element 20 — 2/3 inch (8.8mmx6.6mm) it is — the diagonal 
line length H of an image pck-up side is 1 1.0mm and number of pixels 2095x1570= 3,289,000 
pixel, and that whose pixel size P is 4.2 micrometers is used 

[0080] As the cross section in a wide angle edge is shown in drawing 4 , the zoom lens which 
constitutes optical system 10 sequentially from a body side the 1st lens group G1 It consists of 
one biconvex lens, the 2nd lens group G2 It consists of three sheets, the negative meniscus lens 
which turned the convex to the body side, a biconcave lens, and the positive meniscus lens 
which turned the convex to the body side, and drawing S continues. 3rd lens group G3 after 
drawing S It consists of two sheets, a biconvex lens and a biconcave lens, the 4th lens group G4 
It consists of one biconvex lens and applies to a tele edge from a wide angle edge, and each 
moves to a body side along with tracing of concave, and 3rd lens group G3 and the 4th lens 
group G4 move the 1st lens group G1, the 2nd lens group G2, and drawing S to a body side, 
extending a mutual interval. Between a lens system and the image surface I, the plane-parallel 
plate which constitutes the cover glass of the image pck-up element 20 and filters other than a 
low pass filter is arranged, and all the lenses of this example consist of plastics materials, 
although the postscript of the numeric data of this lens system is carried out — 3rd lens group 
G3 — the aspheric surface is most used for the field by the side of a body, and the field by the 
side of the body of the 4th lens group G4 The aberration view of reference condition is shown in 
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drawing 6 , and the aberration view of a tele edge is shown for the aberration view of the wide 
angle edge of this example in* drawing 5 at drawing 7 , respectively. 

[0081] The value about the formula (1) of an example 2 is phi/P xroot(2.5-/N) =2.56-2.72-3.291 
(a wide angle edge reference condition - tele edge). Moreover, it is value N= 328.9000 about the 
value of P= 0.0042mm about a formula (2), and a formula (3). Moreover, are value |H/I_|=0.137 
about a formula (6) and all have satisfied those conditional expression in all focal distances. The 
thing which the high-definition picture which is equal to a silver salt photograph was acquired 
even if it expanded the acquired picture beyond the 6 end grade, and exceeded the opening 
value F4 and for which it extracts and depth of field are controlled with a value is possible, and 
image pck~up equipment [ low cost small ] can be obtained, in addition, this example — from the 
f number at the time of drawing opening up to the F16 neighborhood — a multi-stage story — or 
the size of opening is constituted possible [ adjustment ] continuously 

[0082] Although the numeric data of the optical system 10 of each above-mentioned example is 
shown below In a sign, f outside the above a whole system focal distance and FNO the f number 
and 2omega A field angle, fB A back focus, r1, and r2 — is the radius of curvature of each lens 
side, d1, and d2. — is [ the refractive index of d line of each lens, nud1, and nud2 — of the 
interval between each lens side, nd1, and nd2 — ] the Abbe numbers of each lens. In addition, an 
aspheric surface configuration uses x as the optical axis which made travelling direction of light 
positive, and when y is taken in the direction which intersects perpendicularly with an optical 
axis, it is expressed with the following formula. 

For 1+{1-P(y/r) 2} 1 / x= (y2 / r) / [2]+A4y4+ A6y6+A8y8+A10y10, however r, paraxial radius of 
curvature and P are a constant of the cone, and A4, A6, A8 and A10. It is the 4th aspheric 
surface coefficient [ 6th / 8th / 10th ], respectively. 
[0083] 

An example 1 f = 5.12 FNO= 2.8 2omega= 63.37 degree fB = 3.91 18r1 = 13.2689 d1 = 2.3000 nd 1 
= 1.84666 nud1 =23.78 r2 = 53.6681 d2 = 0.2500 r3 = 5.0828 d3 = 0.7500 nd 2 = 1.48749 nud2 
=70.20 r4 = 1.9499 d4 = 1.7661 r5 = infinity (drawing) d5 = 1.1000 r6 = -8.4429 d6 = 0.8000nd 3 = 
1.84666 nud3 =23.78 r7 = 9.5020 d7 = 3.5000 nd 4 = 1.72916 nud4 =54.68 r8 = -4.4294 d8 = 
0.1500 r9 = 9.0885 d9 = 3.6000nd 5 = 1.6031 1 nud5 =60.68 r10= -18.2764 (aspheric surface) d10= 
1.5000 r11= infinity d11= 0.7500 nd 6 = 1.48749 nud6 =70.20 r12= infinity aspheric surface 
coefficient The 10th page P = 1.00000 A4 = 0,73370x10-3 A6 =-0.65295x10-5 A8 = 0 A10=0 . 
[0084] 

An example 2 f = 9.04 - 15.61 - 26.93 FNO= 2.8 - 3.0 - 4.2 2omega= 60.55 degree- 38.62 
degree- 22.73 degree fB = 14.9208- 14.9208 - 14.9208H = 41.1141 d1 = 4.7904 nd 1 = 1.49216 
nud1 =57.50 r2 = -664.4147 d2 = (adjustable) r3 =32.3483 d3 = 1.6000 nd 2 = 1.49216 nud2 
=57.50 r4 = 10.4358 d4 = 8.7931 r5 = -24.1092 d5 = 2.0000 nd 3 = 1.49216 nud3 =57.50 r6 = 
20.2995 d6 = 1.4357 r7 = 17.0475 d7 = 2.0000nd4 =1.58423nud4 =30.49 r8 = 41.4263 d8 = 
(adjustable) r9 = infinity (drawing) d9 = (adjustable) r10= 8.5729 (aspheric surface) d10= 5.4175 
nd5 =1.49216nud5 =57.50 r11= -16.6940 d11= 0.1500 r12=-29.1412 d12= 0.9800 nd 6 = 1.58423 
nud6 =30.49 r13= 9.3322 d13= (adjustable) r14= 14.5420 (aspheric surface) d14= 3.5252 nd 7 = 
1.49216 nud7 =57.50 r15= -22.7125 d15= (adjustable) r16= infinity d16= 0.8000nd 8 = 1.48749 
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f 


9.04 


15.61 


26.93 


d. 


1. 1531 


10.2583 


21. 9662 


d, 


19. 6098 


7.4221 


2. 5000 


d 9 


13. 4153 


9.2369 


2. 0000 


d i3 


2. 4188 


3.9308 


8. 6180 


d 15 


2. 0000 


4.0000 


14.2771 



nud8 =70.20 r1 7= infinity 

Aspheric surface coefficient The 10th page P = 1.00000 A4 =-0.17594x10-3 A6 =-0.15213x10-5 
A8 =-0.17058x10-7 A10=-0.1 5577x10-9 The 14th page P = 1.00000 A4 =-0.10902x10-3 A6 = 
0.57701x10-7 A8 =-0.10359x10-9 A10= 0.60403x10-10 . 

[0085] In addition, although it was explained centering on the digital camera, explanation of this 
invention is the same when observing a static image using other image pck-up equipments (for 
example, digital camcorder). 
[0086] 

[Effect of the Invention] The thing which the high-definition picture which is equal to a silver salt 
photograph was acquired even if it expanded the acquired picture beyond the 6 end grade since 
the image formation performance of the optical system of image pck-up equipment, the number 
of pixels of an image pck-up element, and the pixel pitch were optimized according to this 
invention so that clearly from the above explanation, and exceeded the opening value F4 and for 
which it extracts and depth of field are controlled with a value is possible, and image pck-up 
equipment [ low cost small ] can be obtained. 



[Translation done.] 
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[0032] Am^««pi-a<*«is 
6A# ^wst'i/v/^tj^ia 9ts/*sn 

T*5?K ^cor ^:J:oT, IS^^yhy^h^tt 
f4ft<. Iftw^7r- >a y^r«t^: t^t't, 
iffifftco KfiffiflRt A # ftS£»«:-5- X. T ^ 6 t % x. h ti 
5 0 U:^ot, ±E<Z>B*»0>iIi{fcT 6 *i\ ^HJK£ 



iifigLTl^^liW^li^o 
[0 0 3 3] ^7r->3 vfttf*ftW» 
(4. AP^^S^I-^ftlft^iCia^^^^^^T^ 

Uftrtft(;rftfeftv\, S*ii:^(;fll, ffii&^SE 

3tf$:^ 1 . 6 7' (C^-r50ffi**fiT(4^-|-»Tfo 
9,'>4<tt4*ftl. 2 5' (tftjjo. 8) MttJCfc 

T»WT*#SiB**ia*T**)ixtfft*5Al\ 

[0034] »t\ is*-7tmtotmmvi!i>3L#ft 

[0 0 3 5] :o*SS:fflt^t, B(FS6coj|S*(i,. 
25' (c»S;"t-6iiij**ffiKT^iK*tftao :w* 

ffl«7/WHX (A 4) l:*fL»3 0 0^IJS, 
#x.5tfi2 5 0 7Ji®Sf i:ft3 0 
[0 0 3 6] rco^SSftn^(4, ^-T Lt«?«^Hg 

fca&Bteft^r £Tfc5 0 SSPWIi¥fii:mt 

[0 0 3 7] Lfc^ot, Wx.«i»«pI«Bjii**{fei:« 
flftHI^^^BIII* 5 1 Set l 0»j£^*>5»^«ctt % 
<7)JB«tt«E(i, »**^oB*fy^«c:S**-*-5ffllB« 
^^<4>Z>-r4 hil?S^c(-ioV^T(4, iSl^^ 

f7^h tt fi6f 4^i* L fc ft l ^ i: ft 5 0 

[0 0 3 8] *fc % »«^IfilB**ffi J: 9 
B% fc° y £ V i-ft*>^H*lC!K«ftB«» 

J^±co^lJ^ic^tl^t^- : F-^^•LTv^^tJ^(-(i x warn 

[0039] st, b*»^«^t5^, mm^v^^u 
&zmcz> 0 *mmn. mcmmm&m^irzkxittj: 

<, M^Srt'Oi^icti^i-^ico^Tl-Ri-So * 
fc. *<ot &«cjt^(c*«>?>ix4fe«ttfi6tcoi^T# 

[0 0 4 0] *«WT-tt, B^^^^^iKC 
^oBWbr-x^Srtt/Wbi-ft-fc^J:*?. B*ftSr*»-^ 
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Si". 

[0 0 4 2] flfi^fcft, BflP»S:Je?K^ifilEl-rSi:, 

ic, s i ncBRtLt«a-e#5„ fc*fU tfyfffl 

(2 7 0%^: Lt^5„ 
[0 04 3] Mil t°yfr B 1i7. 5/im, IW 

P^*{t^*Lfctt^W*MTF«H4«iiai 0(7) J; 
5(-ft£ (Hl8(^f s/^fflRS7. 5 /i mCOft^COfi:^, 

[0 0 4 4] -tr.T\ BUaB<D»tt£r%j*U BltfcV^- 

2 3 0^H*Sr»SfcLfc£ U JtlEi H 9 tc^f M 
T F »tt Sr^f-f £ ftdjfc^ Srffl ^ 5 t , MP X-O&ik % % 
*Lfc«^WftMTF4#14teEIl lCDjz^idftS (18 

[0045] 0 10, Hi 1 frbWbfiHZ^ HtftfcV^ 

Id J: 9, ^S^ff-CfttE-f^^^ttfiBfi, Jft1feX?BI! 
P»T(Ofi5aiH*o«ft:«:«|»t it, ^fk^ft^fttSfe 
fiBSr±t/T*5< ^itciAoT^^— r^^v^> fi£*<o 

[0 0 4 6] *»KBO*^IC*4?>5>ixS't*fiBtt, ft 
;K-^BS^ 8 (SSS<o*# £ 4 t^ft^ 6 r t Sr 

t»e>n*< ft 9 , ^wm^^mxh^^tLftm^ 

»fe*ift<ftS 0 <>*>5A/, #^IB#il!^w£**ifc 

t-sto-mftv^ 

[0047] iift^e^^#$^ititm^-(7)n^ 

fc#H*U\, ^B^tf^i-ftS 
^ir^BWcftS. 



[0 0 4 8] »±&ft#5£T**gW-5 t > 

(1) 1. 5<(^/Pxy (2. 5/N) <8. 0 

(2) 0. 0015<P<0. 0055 [mm) 

(3) 2. 4<N<20 {1 0 0 75} 

tz ft L , ^(il&Bffi^'WdJsttseOBBPttF 5. 6, 

*fisffl«:l*^fc % jte**K J; (p o i n 

t spread function by am pi 
i tudc) C7>9 Oro^Vf— ^ K^/U-=¥— (^[Ifl 
(A«*«-»U«kB5«c:Sia-t : S**<0 9 O%<7>#40* 

(1mm) , Nfiti^^^cOB^fc (Wfili 1 0 0 

m) 0 

[0 0 4 9] ( i ) n SufB«?te^lBgHi^*fi^> 

^^tBLfzB^*ffifEc0 2 5 0 7JB=g£ LfcfcttcWl 
J£-T-<#S:T*feSo 5t (1) OTIfi^l. 5^rgx.5 
Jt^^**ttfi6^i«< ft£fctf\ BfgKiRSBfCic 

JKa s &Btcft!K Htiiat^i/vX^fin^ Mb, 

Kttftlt*itfft*>ft< ft*K u-^X^o^;* hfrTtf 5 
rt*SHItHcft-5o * (1) ^±BR^8S:ax.5t, ± 
IBcoj:9(-, => > h^(ST^S : L< , g ft RIMS 

HD c3 pSftB^q#bttft< ft^ 0 

[0 0 5 0] it (2) (DTI^CDO. 0 0 1 Smmtit 

TB^tV^M^<ft5<^ *fl= (l) fcWiSi-S* 
*^^X«r»fPi-5Cfc#-C#ft<ft5 0 * (2) co± 
PgOO. 0 0 5 5mm^gx.5<h, S^i^/MfbT 
*fc, hftfcOtftoTL* 

[0 0 5 1 ] St (3) OJbRtt, #5>h5I*f-^o 
W<*^»ftE«**^ffi*r*#< ftSfcaC), /h*^ 

t<ft { 9-rr5ct. »fk^-^coei3iaflc^«i*^o» 

#ii^iS«^ffi:T^*L<ft9, Lt« 
ttlC*Lt^l»#i:ftO»*L<ftV\ 5t (3) C0TPS(7) 

[0 0 5 2] ifha p p#:ftBf*^ T^^^tcjR^ibn^tt 
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(4) 2. 0<^)/Px/ (2. 5/N) <6. 5 

* Lt\> 
[0 0 5 3] 

(5) 0. 0 0 2 <P< 0. 0 0 5 2 [mm] 

[0 0 5 4] **t? % *^^O^i^fe^^-fflV^57 1 c:^^ 

(6) | H/L | < 0. 2 0 

»s , l iius ft m h ®\ o /* u > co m m m&m £ -e 

oSE«£T'fo£ 0 uyX^^X-i. uyXojfr&im L 
[0 0 5 5 ] »(w«FLfflttO*V^««fc*«S:ffl^5ahfr 

(7) | H/L | < 0. 17 

SrJUfciirtf SbJJia* Lt\, 

[0 0 5 6 ] KT<0*#£«£i-*tfi* #*5#F* Li\ 
[0 0 5 7 ] (8) | H/L | < 0. 15 

(9) 3 <H< 1 7 [mm] 

5t (9) OTP^ 3 mm^l^tiMT-^/l^ < t5 

(2) «L4l\ IRtOl 7m 

[0 0 5 8 ] Sfclctt, TiEOftf**ffifi-*-Si:, fcifc 

(10) 4. 2<H<12 [mm] 

:^ (10) <D_bTffil*aM4= (5) (0±TRt-*rJEL 

[0 0 5 9] * fc, *<ft^l!BH**ffilC»ffii"S««* 



# * (4* S JfC 3 » l WTO^IS -t % z\ t K J; 

[o o 6 o] m<DftmmitmAm*&z>tz#>, «t9#< 
[ o o 6 i ] mt£^ifcmmm±L%±Lfoft i . ir 

Ao«OOSr8x.S*t*CO^y > hT\ 35mm® 
^Jf<7)ffi&:7^/l-A ( 2 4 mm X 3 6 mm) VWiB^ V 
>h£titzM&. ^L< (i^'p-^-f-fX (60mm 
X9 0mm) mt^tltlft^JtSLtt), +$WEIt 

^3 1 OTJBljf <hft5 0 
[0 0 6 2] i-ft*5t>. 

(11) 3<N<20 (1 0 0M 

[0063] nm^mmmmiLZiLfcft i ' (a* i . 

< (44 x 5-fyft^Xo7 -f/uAT-aHg^n^Wtti: 
^iK-S ftiffi*ft(4fflJtt7/H^>r Xtc*t Lift 4 6 0 7JM 

[0 0 6 4] LfcdSoT, 

(12) 3. 8<N<20 0 

[oo6 5] hh^>A,, ftMm&mz.tzmfr£<Dmmt¥- 

[0 0 6 6] &±<D*mm<D&ft&ffi8:'fZ>z\t\z£ 

[0067] »«*^o*«aE*»<D±ic*if>f zmc 
? j /up— iz^^a—y<^i^m^m^tz, mm*p'LActo 



(7) 
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[0 0 6 8] 5 -*^(7>««iSB^#^. MlttX 

»i4, mm<n>&mtmmm.t'ptj:< t trails 

[0 0 6 9] tit-, *%m<nffif&$: t Z> z klc&Q, m 

{z-x zm&'Aik* w»j t # 5 <o r% *: # * -< <o m 

[0 0 7 o] **W<o«fifc«cj:5*flft3Sltl-J: 9, 
MIC (ii 5 B5 iSfifc ft® fc Sr# 5 » J:: (± , 3t ^ «: 

OJSBSrSXrt: uvX^^i-^, - fcj&sa* LV\ ^c/)<t 

mat, tsm*F 4^ix.ti5rt^tt6^H^ 

[0 0 7 1 ] ^bClt F5. 6^1x.tlJ5:^ 5 t 
[0 0 7 2] 

[HJfiW] HT, ±fBW*3BW^>«fift-SSBo|MteWHco 

m i (c^-r «t 5 (c, tt^*oifts:ttifti"6^^ i o 
sn, ftte^tLfcB^x— ^*iEis-rsisiSigB4 o 

[0 0 7 3] *fc. #¥#1 0(1, H*U*^**<D^ 
LTBBPa>*#*S:pr««-«ricLfcBPtt9 7 0 L 



2 0(c±5K*^WSr*^S»JfW-r5«a3MI9l5]K8 Oic 

[0074] c^ripo^j j^oiTOi^a^^ 

[hISS 8 0tc<fc 0 e»K3e£*i<57K Xfi, 

[0 0 7 5] JWTi-. UT^l OKfflv^u-v 
X^^r^(7)|^^ffi^5*1t^ J F-2 0(cS8i-5HJS^Jl , 

[0076] mmn 1 

5ltJfi«-C*>9. 2 0 t LTfi, 1/3-0-^ 

(4. 8mmX3. 6 mm ) T\ «*ffi^S*Ailft*H ^ 
6. Omm, 1^11 8 3 0 X 1 3 7 0 = 2 5 0. 7 75 
HHfT\ t 0 ^ir/Uf--r XP#£ 2. 6 3 mC0*><7)£JBl> 

[0 0 7 7] 1 0 S:«rict5 U^X^fi, 12C 

?L~xXxui/Xt. %tVb. i^IIflu>'Xi:pjdhu>'X 

^^-fX(7)^.^^u^X*r^^ , u-vX^^rifeB I co 

t5W¥ffi«^ElS*ltV^. r<7)V>X^^»1i£ 
^ tt«Et 5 ^ , ft fc & ffittJ^ffi K#«B5 4: ffl ^ T 
^^^JS^J^^H^H3 (-^-r o H^, SAIi 

m^&m. Astt#^ciRss, DT«iai*iixi6. cciifg 

[0 0 7 8] (l) lcB81-3ffifi. 0/P 

X/" (2. 5/N) =4. 5 8-CfcO. Sfc, St (2) 
^m-fZ>mP = 0. 0 0 2 6 3mm, S (3) Clt5 
{fiN=2. 5 0 7IK'fc^ SC (6) [Z«TZ 

It | h/l 1=0. I09tfc!?, Wix<3^-ixe>o*# 

^PffiF4^e^7tgc ( 9tt(-J:oT^#^^ 

bo— /uf^r k&*I1&X\ /hS!te=i^ h*SMfe36 
BSr»5ri:^-C#So **5, ROHIteB* 

[0 0 7 9] Hffi^'j2 

(8. 8mmX6. 6 mm ) T\ Hff ffi<0*f^j^SH^ 
11. Omm, 1^2 0 9 5X 1 5 7 0=3 2 8. 9 
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-So 

[0 0 8 0] ^ i o uyXti, m 

^1 l/>Xg$G 1 (1, f^dbl/VXlft^^J % fg2 U 
X£ % pfnllfli/^X^ ^f$ilJj(^£hffi?r^]{-j-/ciE^^^^ 
t/>-Xg¥G 3(i, ffidhuvXt, rSjUDuvXco 2*£ 
9, JEft*A*?>Hi*«»(c^^tr, mi uyxgGi, 

ffi I COFaKCfiffiftliiT- 2 0O#/<— P~/^7 

* *** -c«rtc JtLtt^o r p \/ >- x^ cofrfiix - * ti 

fSffi-j-*^ 83l/yX»G3(?)fb*f|E«(Olt»4 
i/yXSG4co^M^®l:»{S^(/^titi^ 0 

[0 0 8 1] HJ&frij 2 <7)5£ (1) tCBB-#"S«[tt, 0/P 
(2. 5/N) = 2. 5 6 -2. 7 2-3. 291 

(fcM^mmtm-Mmm -e*>o, it (2) 

l-HB-r5ffiP = 0. 0 0 4 2mm. 5£ . ( 3 ) dBfl-fSIl: 

1 

f -5.12 
F N0 = 2.8 
2 co = 63. 37° 
f B = 3.9118 
r,= 13.2689 



r 5 = 
r B = 
r 7 = 

r 9 = 



53. 6681 

5. 0828 

1. 9499 

<~ <R0) 
-8. 4429 

9. 5020 
-4. 4294 

9. 0885 
-18.2764 (^Scffi) 

oo 



d| = 
d 2 = 

d 3 = 
d,= 
d 5 = 
d fi = 
d 7 = 
d 8 = 
d 9 = 
d io = 
d„= 



N=3. 2 8 9^75Xh*) , *fc, A (6) CHH^ £ fit 
I H/L | =0. 1 3 7t'fel ^TO^^E«Hc*5l^ 

ifc, BBnlttF 4 9 At 

iUo T*¥lfiS* £ ^ > h C7 -/u-?- 5 H t /)>^mx\ 

11*6 (91 fi, S9i»^Ft>/^bF l 6i£22*tr 

[0 0 8 2] ±E#3tlfeM<7?*^* 1 0 (7)fcfl 

x-^^-f-^ E^-(±±1E^^, fl*±^«#JEHL 

r,, r 2 -|i#UyXB(OW*g, d h d 2 

H^JEW*. v dl , v,,-fi#uyX(^7^tt'fo 

x = (yVr) X [14- f 1-P (y/ 
r)M '-' 2 ] + A.j y 1 +A ( iyHA ? yH A l0 y' fl 
t-tzL. r fiifittftsp^g. PttHBMfcft* A,, A fi , 
A 8 , A,„ *2^tl^n4&. 6#C. 8 10S«® 

[0 0 8 3] 



2.3000 n dl =1.84666 v d[ =23.78 
0. 2500 

0. 7500 n d2 =1.48749 v d2 =70. 20 
1.7661 

1. 1000 

0.8000 n d3 =1.84666 v d3 =23. 78 

3.5000 n d ., =1.72916 v d ., =54.68 

0. 1500 

3.6000 n d5 =1.60311 v d5 =60. 68 

1. 5000 

0.7500 n dB =1.48749 v d6 =70. 20 



IlOS 

P = 1.00000 



A 6 =-0. 65295 X 10' 5 
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[0 0 8 4] 





f = 9.04 ~~ 


15.61 


~ 26.93 














F w = 2.8 - 


3. 0 


— 4. 2 














2 to = 60. 55° — 


38. 62° 


~ 22. 73° 














f |] = 14. 9208— 


14.9208 


~ 14.9208 










r i = 


41. 1141 


d,= 


4. 7904 


n,n 


= 1 


49216 


v <\\ 


=57. 50 


r 2 = 


-664. 4147 


d, = 














1*3 = 


32. 3483 


d 3 = 


1. 6000 


n d2 


= 1 


49216 


v rig 


=57. 50 


r 1 = 


10. 4358 


d,= 


8. 7931 












r s = 


-24. 1092 


d s = 


0 nnan 


n h:j 


= 1 


49216 


v d;} 


-57. 50 


r h = 


20. 2995 


d« = 


1. 4357 












r 7 = 


17. 0475 


d 7 = 


2. 0000 


n*i 


= 1 


58423 


v H ., 


=30. 49 


r 8 = 


41. 4263 


d a = 














r 9 = 


00 UlX V ) 


d 9 = 


(pTSB 












r 10= 


8. 5729 teEERE) 


d io= 


5. 4175 


rids 


-1. 


49216 




=57. 50 


r 11= 


-16. 6940 


d,r 


0. 1500 












r 12= 


-29. 1412 


d 12= 


0. 9800 


n H H 


=1. 


58423 




=30. 49 




9. 3322 


d 13 = 














r ir 


14.5420 amm) 


d,r 


3. 5252 




= 1. 


49216 




=57.50 




-22. 7125 


d, B - 


(«r^) 












r i6= 


00 


d i6= 


0. 8000 




= 1. 


48749 




=70. 20 


r ,t= 


00 

















f 


9.04 


15. 61 


26.93 


d, 


1. 1531 


10. 2583 


21.9662 


d 8 


19.6098 


7.4221 


2.5000 


d 9 


13. 4153 


9.2369 


2. 0000 


d 13 


2.4188 


3.9308 


8.6180 


d ls 


2.0000 


4. 0000 


14.2771 



mi 0® . 
p = 1.00000 

A., =-0. 17594 X 10" a 
Afi =-0. 15213X10" 5 
A 8 =-0. 17058X 10- 7 
A 10 =-0. 15577 X 10" 9 
mi 4® 
P = 1.00000 
A 4 =-0. 10902X 10-* 
A ft = 0. 57701 X 10" 7 
A 8 =-0. 10359X 10' 9 
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A I0 = 0. 60403 X 10"'° 
[0 0 8 51 **5, y^/^^-?^* 

[0 0 8 6] 

tittle J: o TR?#«^^ v h p r i a^fig 

[mi] ««i:s-5< »»ffl±*<Dirtt*tH-e 

[0 2] *»W<oltl6Wnc*5*t5*^5RS:**r*u 

[0 3] saiswi^u^x^oiRSia-cfcSo 

[04] *«Wj^**«2(c*5Jt6*^3RS:1llrili-*X 
[05] MM 2 wx - a i/y x^^S^ii^$) 

[0 6] MW2CDX--^l/^XcO#mtfeflicOlE^0-C 



[0 7] |IJfi«2(^X-isU^X^ajSi«W4XSI0-C*fc 

[0 8] mT-«ft^^eit^m^^i-0^^^ o 

[0 9] ^OMTFttt^tltfe^o 

[0 1 0] M*y^W\mi. 5/im<?)|^^MT 

F»ttSr*i-0-efc5 o 

[011] eyf-BBHS ji mWi^^iijiMTFW 
[«F*OlttW] 



1 o- 




2 0- 




3 0- 


»«»»3a[a«8 


4 0 - 




5 0 • 




6 0 • 




7 0- 




8 0- 




G 1 - 


-jg l u>-XS¥ 


G 2 - 




G 3 ■ 


-JB3 »XW 


G 4 • 


..»4 U-^XW 


S • 




I • 


••ft® 



[01 ] 



[05] 



10*** 20#**3- 




50 &fmj*. 



60 




A5 0 

t*>3Q28 



DT c 
CJJ0.28 



cc 

W3Q2B° 



[06] 



5A AS _ 

FN02.986 UJ19.31 

V 5 



1 



DT 0 

«-> 19.31 



CC 0 

u> 19.31 
11 / 
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[H 2 J 



[S3] 




\ 



an 



I/ 1 



SA 

FNO 2.810 

ii r 



ii 

HI 

S 

il 

ii 

ii 

-o.Tq t t j i 



AS 

u> 31.69° 



DT 

w 31.69° 



A5- 



0.10 -0.10 



-AM 



3.10 -5 00 



cc 

31.69° 
T/ 



js^oo -ao2_ 

(°/o) 



002 



Gl G2 



[B4] 
S 




[1217] 



5A 

FNOA.177 



I! 
•I 



A5 B 

gjU37 



DT 0 

wfl-37 



ojH.37 



CUC -S.00 SDO -0D2 
TV.) ***** 




(12) 



»B1 2 0 O 0 - 2 4 



[Hi 0] 




S S § S § 



[Ell 1 ] 



90.00 
8000 



70.00 
60.00 
■ 5000 
' «).Q0 
30.00 
2000 
10.00 



ssssggggggggggg 



